The rate of glucose removal from the circulation was reduced, with a reduced rate of rise of plasma insulin as well as diminished peak concentrations. Cardiac outputs were usually reduced in the patients we studied, so that a circulatory basis for the metabolic abnormality could exist. Alternately, since norepinephrine reduces glucose tolerance and insulin secretion in normal subjects,'0 a neurohumoral mechanism for glucose intolerance in cardiovascular disease was suggested. Patients with ischemic"1 and nonischemic12 13 heart disease ETTINGER ET AL.
To evaluate the role of reduced cardiac function in the production of delayed glucose clearance (Gk) in this study of To study the effect of beta-adrenergic blockade, 0.10 to 0.15 mg/kg of propranolol, diluted in 50 ml of normal saline, was infused intravenously into six patients o-ver a 20-min period immediately following collection of the 120-min sample of the control IVGTT, while the electrocardiogram was monitored. On completion of this infusion, a baseline blood sample was drawn, and an identical dose of glucose was given to begin a second IVGTT, which was terminated after 60 min.
Thirteen patients with reduced or borderline values of Gk, including 12 with valvular heart disease and one with constrictive pericarditis, had IVGTT at the time of catheterization and again 2 to 8 months following reparative surgery. Seven had tolbutamide testing on both occasions as well. The same diet and drug regimens were followed, but the dose of glucose was adjusted in some instances because of minor changes in weight. Postoperatively, cardiac output was measured in the basal state after injection of indocyanine green (Cardio-Green) into a peripheral vein with brachial artery sampling. Preoperative measurements of cardiac output were made during cardiac catheterization. No differences have been noted in cardiac outputs calculated from the different injection and sampling sites in our laboratory. Bassingthwaighte, Edwards, and Wood25 noted a small (2.5%) but significant difference in the area of dye curves recorded from the central and peripheral circulation, resulting in a minor underestimation of cardiac output when calculated from curves recorded at a peripheral sampling site. The glucose tolerance was expressed as the slope constant of a single exponential function determined from a straight line of best fit between 10 and 40 min which related glucose values versus time on semilogarithmic paper. 26 The slope constant was derived from considerations of exponential decay, and the expression Gk is the calculated slope constant multiplied by 100 to convert to a whole number:
0.693 x 100 t½ Gk thus indicates instantaneous per cent Circulation, Volume XLIII, June 1971 fall of blood glucose per minute. A Gk greater than 1.1 was considered normal, while a GCk of less than 0.9 was considered indicative of diabetes, and Gk between 0.9 and 1.1, borderline.6' 10, 15 Tolbutamide response was measured as the percentage fall of plasma glucose from control at each time interval sampled.23' 24 Statistical analyses were performed by computer. Regression lines were derived by least-square polynomial analysis. Comparison of the means of different groups was made by nonpaired t-testing (Student's t-test). When the same group was evaluated after drugs or surgery, means were compared by paired t-tests of values before and after intervention.
Since changes in plasma glucose and insulin after infusion of glucose represent increments above fasting levels, Seltzer and co-workers27 suggested that the increments in insulin (AI) and glucose (AG) may be more representative of the status of carbohydrate metabolism than are the absolute concentrations of these substances. Accordingly, we have evaluated the AI/AG ratio, termed the "insulinogenic index."
The early insulin response has been considered an index of the adequacy of response to glycemic stimulus.28 Consequently, for surgical patients, the plasma insulin at 2 min after administration of glucose was correlated with cardiac output changes produced by surgery. Additionally, the area under the insulin curve in the first 10 min was calculated mathematically as the "10-min insulin area" and expressed in microunit minutes per milliliter for glucose and for tolbutamide.
Results

Glucose Tolerance Tests
The data for 70 patients, including data on 28 that have been previously reported, are summarized in figure 1 . The mean Gk of 41 patients less than 50 years of age was 1.19 ± 0.07 (SE) % fall in glucose/min whereas that of 19 normal subjects was 1.69 ± 0.14 (SE), P figure 4 . The correlations here are more significant than those with Gk and cardiac index. Gk as a function of cardiac index in nonischemic cardiac disease. Despite scatter, the correlation is weakly significant (n = 58 r =0.265, P <0.05).
Values for normal persons would fall within the shaded areas.
Fasting Plasma Triglycerides
Fasting plasma triglycerides were measured in 32 patients and were normal in all, averaging 94±7 mg/100 ml. Changes in insulin and insulin-to-glucose ratios (XA insulin, A insulin/, glucose) from fasting levels in surgical patients. Insulin responsiveness improved postoperatively with a more rapid rise to an earlier and higher peak, followed by a more rapid decline to basal levels. Table 4 shows the plasma levels of glucose and insulin, and insulin/glucose ratios in the patients before and after operation. Fasting glucose values were not different. Immunoreactive insulin levels were significantly lower in the fasting state after operation, and after glucose infusion the insulin levels rose more rapidly to a higher peak than before operation and declined more rapidly as well. The postoperative fasting insulin/glucose ratios were significantly lower. After glucose infusion the insulin/glucose ratios rose abruptly to an earlier and higher peak than before operation and declined to a significantly lower level by 20 min. The magnitudes of the rises in insulin (A insulin) and insulin/glucose ratios (A insulin/A glucose) are demonstrated in figure 6 . The more rapid rise to higher peak values after surgery suggests that sustained improvement of cardiovascular function resulted in a return toward a more normal insulin response. 28 In figure 7 are seen the changes in cardiac index in 11 of these surgical patients compared with their insulin responses at 2 min after glucose injection. The 2-min insulin response is better in almost every instance in the higher index state. The mean insulin increase, comparing the lower and higher index state for each patient whether before or after surgery, is highly significant (P <0.02). The 2-min insulin value is an indication of the rapidity of response to the glucose stimulus. AT (table 5) . Although the mean postoperative glucose levels were slightly higher, the differences were not significant. Insulin responses, however, were substantially improved postoperatively; they were similar to the postoperative response to glucose, with a more rapid rise at 2 min to a higher peak. The area under the first 10 min of the insulin curve was 438 ± 27 ,U-min/ml preoperatively and 704 + 99 ,U-min/ml postoperatively, a significant increase (P < 0.05). 
